ABSTRACT: Alternaria alternata is one of the most important fungi causing brown spot on tangerine. Samples of A. alternata were collected from different cultivars of tangerine affected by brown spot in orchards in Jahrom region, Iran. Samples were cultured on potato dextrose agar (PDA) media and purified using the single-spore method. Pathogenicity tests were done based on Koch's postulates on healthy and scratched leaves of different tangerine cultivars. All isolates were pathogenic on both healthy and scratched leaves. Ponkan and Mahalli (local isolates) showed the greatest growth, while Fortune and Kinnow isolates had the least growth on PDA media. The rDNA ITS1 region of Clementine, Mahalli, Ponkan, Lee, Fortune, Kinnow, Page, and Osceola isolates was sequenced. One PCR product (360 bp) was recovered from all mycelia multiplications. Sequences of all isolates were deposited in GenBank. BLAST searches of the NCBI database showed that the closest matches were A. alternata. The morphological tests were supported by molecular experiments. The phylogenetic tree of the sequences was mapped based on neighbour-joining procedures. Grouping of all isolate sequences placed them in two main clusters. Mahalli isolates in cluster 2 were in a different group from the other isolates. In general, the results showed intra-species genetic differences in rDNA ITS1 sequences among A. alternata isolates collected from tangerine cultivars. In this study, A. alternata was identified as the cause of Alternaria brown spot of tangerine cultivars in southern Iran.
INTRODUCTION
Alternaria alternata (Fr.) Keissler, formerly A. citri Ellis & Pierce, is the main causal agent of Alternaria brown spot (ABS) on tangerine (Citrus reticulata Blanco) and tangerine hybrids in commercial citrus orchards worldwide. ABS was first reported on Emperor mandarin in Australia in 1903 1 and the distribution of the disease has expanded considerably worldwide in recent years. It has been reported in the US . In Iran, ABS was first described in 2006 on tangerine hybrid cultivars (Minneola, Page, and Fortune) and then on other citrus cultivars 9 . Alternaria spp. cause several diseases of citrus, including ABS of tangerine, leaf and fruit spot of rough lemon (C. jambhiri Lush.) and Rangpur lime (Citrus × limonia Osbeck), mancha foliar de los cítricos affecting Mexican lime (C. aurantiifolia (Christm.) Swingle) and black rot of fruit of several Citrus spp. 10 Endophyte Alternaria spp. are common saprophytes on all aboveground tissues of citrus trees.
Phylogenetic studies on citrus-associated species of Alternaria using mitochondrial large subunit (mtLSU) and β-tubulin sequence data formed a well-supported monophyletic lineage including isolates that cause ABS of tangerines and leaf spot of rough lemon, as well as saprophytic isolates associated with citrus and other plants 11 . ABS and leaf spot pathotypes produce host-selective ACT and ACR toxins, respectively. These two pathotypes have clearly distinct host ranges as they produce distinct host-selective toxins 12, 13 . ABS and other leaf spot pathogens cause necrotic lesions on leaves and twigs; and lesions may expand rapidly due to production of a hostspecific toxin by the pathogens, often resulting in leaf drop and twig dieback. On fruit, lesions vary from small dark necrotic spots to large sunken pockmarks, thereby reducing the value of fruit for the fresh market 12 . Sequencing of many regions of DNA is used in classification, identification, and biotechnology of fungi. Internal Transcribed Spacer (ITS) regions of ribosomal DNA show higher degrees of variation than other genetic regions of rDNA. This genomic region is typically used in fungal systematics and identifica-tion of genetic differences at species and subspecies levels 14 . Much research has focused on identification of genetic differences among citrus-associated Alternaria spp. 11, [15] [16] [17] but little is known about genetic differences among Alternaria isolates from individual citrus species. The objective of this study was to clarify that Alternaria isolates collected from tangerine cultivars had genetic differences (based on ITS sequences). A secondary objective was to identify pathogenic Alternaria spp. isolates collected from leaf spots of tangerine cultivars of orchards in Jahrom region, Iran.
MATERIAL AND METHODS

Sample collection and monoconidial isolates
In autumn 2011, tangerine leaf samples affected by brown spot were collected from the Jahrom Citrus Research Station and citrus orchards of Jahrom region, Iran. There were 56 samples collected from 13 tangerine cultivars: Firchaid, Minneola tangelo, Oncho, Dansy, Orlando tangelo, Clementine, Fortune, Peache, Oseola, local (Mahalli), Kinnow, Lee, and Ponkan. Samples were placed in plastic bags and rapidly transferred to the laboratory. Collected leaves were washed with tap water. A 5-mm 2 section was removed from the leading edge of the lesion and sterilized with 0.1% NaOCl for 30-60 s. Leaf sections were soaked three times in 40 ml of sterile water, dried with a paper towel, and plated onto Petri dishes containing acidified potato dextrose agar (PDA) and incubated for 7 days at 22°C. After growth of fungi, a small piece of this culture containing conidia transferred to a few drops of sterile distilled water on sterile microscope slide and well stirred. A drop of spore suspension was streaked across the 2% water agar plate using sterile loop. The plates were incubated for 24 h at 25°C. A monoconidial culture was produced by transferring one germinating conidia from 2% water agar (WA) to PDA.
Pathogenicity test
Disease-free leaves were collected from each tangerine cultivar. Tests were conducted on unwounded and wounded leaves (by scalpel) and surface disinfected by 70% alcohol, maintained on 2% WA and inoculated with 5.0-mm plugs of 7-day old monoconidial cultures of the fungal isolates. The inoculum was placed in the middle of each leaf. Leaves for control were sham inoculated with a plug of sterile PDA. Inoculated leaves were then maintained in an incubator for 7 days at 25°C. The pathogenicity test was repeated twice. At the end of the experiment, the pathogen was reisolated from the infected leaves to complete Koch's postulates. Pathogenic isolates were identified using morphological characteristics and DNA sequence analysis of the ITS1 region.
Morphological characterization
For all isolates, morphological characteristics of the colony and sporulation apparatus were determined from single-spore colonies. Cultures were examined for colour, margin, and texture of colonies. Sporulation habit of isolates was investigated on PDA Petri dishes. Dishes were inoculated with single-spore colonies and incubated in a lit incubator for 7 days at 22°C. For consistent sporulation, the dishes were kept 31 cm below cool white fluorescent bulbs and illuminated with 10/14 h periods of light/dark. During light periods, the illumination intensity at the surface of the Petri dishes was approximately 4000 lx. After incubation, cultures were examined at ×40 to ×100 magnifications with a dissecting microscope and substage illumination to determine the characteristics of the sporulation apparatus, including length of conidial chains, presence of elongated secondary conidiophores, and the manner of any branching of the conidial chains.
A completely randomized design with three replicates was used for growth of isolates on PDA medium. A small disc of monoconidial PDA cultures of the fungus were placed in the centre of each Petri plate. Every 2 days, fungal growth was measured from the point of inoculation to the outer edge of the infection zone across a plate. The measurements were taken at two longitudinal positions on each of the plates to the nearest mm for 8 days. Means of treatments were compared by Duncan's multiple range test at 5% significance level, using SAS software.
Molecular analysis
Genomic DNA was extracted from pure cultures using the CTAB method. Eight isolates were selected and examined for molecular characteristics. PCR amplification was performed using a thermocycler. Each 25 µl PCR reaction mixture consisted of 18 µl of sterile ddH 2 O, 2.5 µl of 10× PCR buffer (Promega), 1.5 µl of MgCl 2 (25 mM), 0.75 µl of dNTP (10 mM total, 2.5 mM each), 0.75 µl of each primer (20 ng/µl), 0.1 µl of Taq polymerase (Promega) (5 U/µl), and 0.65 µl of template DNA (80 ng/µl). PCR cycles consisted of an initial denaturation step at 94°C for 5 min followed by 30 cycles of 35 s at 94°C (denaturation), 55 s at 55°C (annealing), and 1 min at 72°C (extension). A final extension cycle at 72°C for 15 min was followed by a 4°C soak period. The PCR products were visualized with UV light after 1% agarose-gel electrophoresis in 1× TBE stained with ethidium bromide. ITS universal primer pair ITS1-F/ITS2 was used to amplify the ITS1 region 18 . PCR products amplified from the primer pair ITS1-F/ITS2 were sequenced (Macrogen Inc., Korea) and BLAST searched in the GenBank database. Sequences of A. alternata isolates were deposited in GenBank (accession no. KJ021885-KJ021892). The ITS sequences were aligned using MEGA4 package. Phylogenetic unrooted trees were constructed using distance methods. For distance analysis, the neighbour-joining method was performed. For each analysis, 1000 bootstrap replicates were performed to assess the statistical support for each tree.
RESULTS
Identification of species
Both morphological characterization and the ITS region nucleotide sequences were used to identify pathogen species. For all isolates, the morphological characteristics of the colony and sporulation apparatus were compared with the characters described by Simmons (2007) for Alternaria spp. 19 The morphological characteristics of all isolates were most similar to those of A. alternata. There was however a significant variation in colony colour and growth rate among the isolates. The sequence analysis confirmed the morphological identification. Sequence analysis of the ITS1 regions of isolates revealed 99-100% similarity to ITS1 region sequences of A. alternata and A. tenuisima in GenBank.
Morphological characterization
Fungal colonies were olive green to sooty-black in colour and showed a minutely-densely turfy surface. During the initial colony growth, a white margin of mycelia was observed that progressively changed to olive green, and then to grey-black. Single suberect conidiophores arose on aerial mycelia and produced clusters of small conidia in branched chains (Fig. 1) . Conidia were yellowish to golden brown with longitudinal and transverse septa and a short beak. The mean colony growth of isolates on PDA showed significant differences. Ponkan and local showed maximum growth, and Fortune and Kinnow isolates the minimum growth (Fig. 2) .
Pathogenicity tests
Pathogenicity tests on wounded and unwounded leaves resulted in significant lesion development for all isolates tested. At 2-3 and 7-10 days after inoculation, there was initial development of small dark lesions on the upper side of wounded and unwounded leaves, respectively, indicating infection establishment. Lesions expanded to cover the whole leaf in about 7 and 21 days for wounded and unwounded leaves, respectively. However, leaves inoculated with sterile PDA plugs remained disease free (Fig. 3 ). There were some differences in the lesion expansion among tested isolates. These observations indicate that all isolates were pathogenic on tangerine leaves.
Phylogenetic analysis
Amplification of ITS1 region using primers ITS1-F/ITS2 produced 360-bp amplicons that were edited before alignment. No length polymorphism was observed among isolates (Fig. 4) .
Maximum likelihood analysis of ITS1 sequence data revealed three main clades (Fig. 5) . The phylo- genies estimated in this study were unrooted. Clade 1 consisted of two subclades including Clementine, Kinnow, Peache, and Lee. Clade 2 contained only one isolate from Mahalli. Three isolates, including Ponkan, Fortune and Osceola were found in clade 3.
DISCUSSION
Of several A. spp. causing disease on citrus trees, A. alternata is the most prominent [20] [21] [22] [23] [24] . Additionally, A. alternata has been reported from many citrus species in northern Iran 25 . In this study, A. alternata was identified as the cause of ABS of tangerine cultivars in southern Iran for the first time.
Non-pathogenic isolates of A. alternata collected from Minneola tangelo have been reported in Florida 16 , but the vast majority of the isolates were pathogenic to that host. The present study indicated that all A. alternata isolates were pathogenic on the host of origin and non-pathogenic isolates were not observed. The different development of symptoms on tangerine leaves confirmed that some isolates were more virulent than others -also, isolates differed in growth on PDA media. Although disease progress on detached leave was not measured, Ponkan and local isolates showed the highest growth under controlled conditions on cultural media, and these two isolates may be the most virulent. Previous reports indicated that the more virulent isolates of A. alternata have more copies of genes controlling toxin biosynthesis and produce more ACT-toxin than other isolates 11 . Ponkan and local isolates may be more virulent due to greater production of toxins. More study is required to confirm this.
There were significant differences in morphology and growth rate of isolates, suggesting that the Alternaria population on tangerine in Jahrom region citrus groves was not typical and was quite variable. The ITS1 sequencing confirmed the results as the local (Mahalli) isolate showed high growth rate on PDA media and in the phylogenetic analysis was grouped in a single clade. These results may explain why morphological variations and ITS1 sequences were correlated with each other. The differences in ITS1 sequences however were small. Peever et al 26 sequenced endopolygalacturonase gene (endoPG) and two anonymous regions of the genomes (OPA1-3 and OPA2-1) of A. alternata isolates recovered from brown spot lesions on Minneola tangelo and the other citrus and non-citrus hosts 26 . They reported that isolates recovered from ABS lesions on Minneola tangelo were distributed in two clades 26 , indicating genetic variations among tangerine isolates of A. alternata.
The ITS1 sequences of A. alternata were very similar to A. tenuissima sequences (99-100% similarity). Thus these two species cannot be distinguished by ITS1 sequences. Many researchers have reported that differentiation of the small-spored Alternaria spp. is difficult due to lack of variation in nuclear ribosomal ITS and β-tubulin sequences, two genomic regions typically used in fungal systematic 17, 27 . The A. alternata population of tangerine in Jahrom region orchards showed high morphological and genetic diversity, which may provide information on genetic differences among tangerine isolates from different cultivars. Identification of such diversities has a direct impact on epidemiological studies and disease management of ABS of tangerine. Different isolates showed different growth rates and some differences in ITS1 sequences. All of these factors are important in the development of disease forecasting models, which are critical in optimizing effective and economical chemical control programs. From another point of view, using resistant cultivars to control this disease in citrus groves completely depends on our knowledge of genetic differences among pathogenic agents. The most successful management of ABS of tangerine will be achieved only after a definitive assessment of the genetic and pathogenic diversity of A. alternata isolates in citrus orchards, and the potential for these distinct isolates to cause disease.
